Clusters of regulatory signals for RNA polymerase II transcription associated with Alu family repeats and CpG islands in human promoters.
Primate genomes contain a very large number of short interspersed GC-rich repeats of the Alu family, which are abundant in introns and intergenic spacers but also present in 5' flanking regions of genes enriched in binding motifs (BMs) for transcription factors and frequently containing CpG islands. Here we studied whether CpG islands located in promoters of human genes overlap with Alu repeats and with clusters of BMs for the zinc-finger transcription factors Sp1, estrogen receptor alpha, and YY1. The presence of estrogen-response elements in Alu was shown earlier and here we confirm the presence in the consensus Alu sequence of the binding sites for Sp1 and YY1. Analyzing >5000 promoters from the two databases we found that Alu sequences are underrepresented in promoters compared to introns and that approximately 4% of CpG islands located within the -1000 to +200 segments of human promoters overlap with Alu repeats. Although this fraction was found to be lower for proximal segments of promoters (-500 to +100), our results indicate that a significant number (>1000) of all human genes may be controlled by Alu-associated CpG islands. Analysis of clustering of potential BMs for the indicated transcription factors within some promoters also suggests that the Alu family contributed to the evolution of transcription cis-regulatory modules in the human genome. It is important that among Alu sequences overlapping with CpG islands in promoters a large fraction of members of the old Alu subfamilies is found, suggesting extensive retroposon-assisted regulatory genome evolution during the divergence of the primates.